Introduction
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can exacerbate stress responses in animals, disrupt homeostasis and lower the quantity and quality of the meat (Ekiz et al., 2012a,b,c) . Therefore, attempts should be made to limit the number of stress factors and minimize their negative consequences during pre-slaughter handling. The effectiveness of pharmacological agents, herbal preparations, mineral and vitamin supplements in reducing pre-slaughter stress has been investigated in various animal species by many authors (e.g., Ali and Al-Qarawi, 2002; Ali et al., 2006) , but very few studies were conducted on lambs. Some agents, such as anti-depressants, may not be used in farm animals to alleviate pre-slaughter stress due to food safety concerns (Ali and Al-Qarawi, 2002; Ali et al., 2006) .
The severity of stress is determined by numerous factors which influence biological defence mechanisms and the stress response (Moberg, 2000) . Several authors demonstrated that probiotics containing Saccharomyces cerevisiae yeast improved performance and increased humoral and cellular immunity in lambs (Milewski, 2009; Ząbek et al., 2013) . Yeast supplements were also found to exert a positive influence on cattle (Dobicki et al., 2005) , pigs (Li et al., 2005) and poultry (Zhang et al., 2005) . It could be interesting to investigate whether if positive effect of dietary supplementation with the 1,3/1,6-D-glucan might reduce the negative impact of pre-slaughter stress on the final product quality.
The aim of this study was to determine the effect of dietary supplementation with yeast extract containing approximately 70% of β-1,3/1,6-D-glucan (Biolex ® -Beta S) on lamb body weight loss, selected blood parameters and meat quality.
Material and methods
The experiment was approved by the Local Ethics Committee for Animal Experimentation (decision No. 31/2009 ).
Animals and pre-slaughter handling
The experiment was conducted on 40 single-born rams, the offsprings of 3-year-old Kamieniecka ewes. The animals were divided into two equal groups based on body weight determined at day 2 of life: CG -control and EG -experimental group. Throughout the 100-day rearing period, each group of lambs was kept with mothers in separate pens of the same sheep shed. Lambs were fed basal diets composed of hay-silage of grass and legumes, meadow hay, and from day 11 of life -CJ concentrate (commercial feed mixture for lambs; Wipasz, Wadąg, Poland).
The amount of the CJ concentrate was increased every 10 days by 0.05 kg/animal/day (starting dose 0.05 kg/animal/day at 11-20 day of life). The diet of EG lambs was supplemented with the Saccharomyces cerevisiae yeast extract (Biolex ® -Beta S, Leiber Gmbh, Bramsche, Germany) containing approximately 70% of β-1,3/1,6-D-glucan and was added in the amount of 3 g · kg −1 of the CJ concentrate. At the end of the 100-day rearing period, 13 lambs with average body weight were selected from each group, weaned and fasted for 12 h (with access to water). The groups were kept in separate pens of the same shed with the remaining members of the herd, and they had visual and vocal contact with mothers. On the following morning, lambs were transported to the slaughterhouse in a specialist vehicle with 0. , and the duration of transport was 80 min. Approximately 30 min after unloading, the animals were slaughtered after electrical stunning.
Blood analyses
Blood samples were collected from the jugular vein three times: before weaning and pre-slaughter fasting (BST 1), before transport (BST 2) and after transport to the slaughterhouse (BST 3). Haematological analyses were performed to determine red blood cell counts (RBC), white blood cell counts (WBC), haemoglobin concentration (HGB), haematocrit (HCT) and the leukocyte profile (leukogram). Basic parameters were determined in the Sysmex haematology analyser (Sysmex America Inc., Lincolnshire, IL, USA). The leukogram and the neutrophil to lymphocyte (N : L) ratio were determined in Pappenheim stained blood samples.
Serum cortisol and glucose levels were determined in the Cobas Integra 800 biochemical analyser (Roche, Rotkreuz, Switzerland). Cortisol concentrations were measured in a competitive immunoassay with the use of anti-cortisol polyclonal antibodies (Elecsys Cortisol, Roche, Rotkreuz, Switzerland). Glucose levels were determined by the reference enzymatic method with hexokinase. Blood analyses were performed in a specialist laboratory in accordance with the procedures of the Quality Management System (Process 2: Laboratory diagnostics).
All pre-slaughter handling and blood sampling procedures were performed by the same team of qualified experts. The time of animal manipulation, including catching, weighing and blood sampling in the sheep shed and the slaughterhouse, did not exceed 45 s.
Body weight loss and meat quality
Lambs were weighed before weaning, before transport and after transport to the slaughterhouse to determine body weight losses in successive stages of pre-slaughter handling. After slaughter, carcasses were chilled for 24 h at 4 °C. Ultimate pH (pH u ) and colour were determined in the musculus longissimus dorsi, and samples of the muscle were collected for analyses of water-holding capacity and tenderness.
Ultimate pH (pH u ) was measured with the HI 99163 portable meat pH-meter (Hanna Instruments GmbH, Vöhringen, Germany) with the FC 232D electrode. Meat colour was measured in the CIE Lab space (L* -colour lightness, a* -contribution of redness, b* -contribution of yellowness) by reflectance spectrophotometry with the use of the HunterLab MiniScan XE Plus instrument (Hunterlab, Murnau, Germany), in three replications, at different points along the cross-sectional surface of the muscle. Water-holding capacity (WHC) was determined as the area of expressed juice by the method proposed by Grau and Hamm and modified by Pohja and Niiniwaara (1957) . Shear force (SF) was measured in thermally processed meat samples in the Instron 5542 universal testing machine (Instron, Norwood, Canada) equipped with a WarnerBratzler shearing device and a 500 N load cell.
Analyses were performed on cylindrical meat samples with a diameter of 1.27 cm and a height of 2 cm, prepared in accordance with the method described by Honikel (1998) .
Statistical analysis
The results of body weight loss, selected blood parameters and meat quality parameters (mean ± SE) were analysed statistically in the Statistica 10.0 PL programme (StatSoft Polska, Krakow, Poland). The effects of the yeast extract on body weight loss during pre-slaughter handling and on meat quality parameters were determined by Student's t-test. The influence of dietary supplementation with β-1,3/1,6-D-glucan (group: CG and EG) and blood sampling time (BST 1, 2 and 3) on blood parameters was evaluated by two-factor analysis of variance (ANOVA) followed by post-hoc Duncan's test.
Results
At 7:00 on the day of transport to the slaughterhouse (April), the weather was windless, with ambient temperature of 9.8 °C and humidity of 65.7%. During the 80-min-long transport, temperature inside the vehicle ranged from 15.9 to 16.4 °C and relative humidity -from 70.5% to 82.3%.
Body weight and body weight loss
Lambs from the experimental group were characterized by higher (P ≤ 0.05) average body weight before weaning and pre-slaughter fasting, before transport and after transport in comparison with CG animals (Table 1) . Percentage body weight loss did not differ between groups. 
Blood parameters
Haematological parameters: RBC, WBC, HBC and HCT did not differ significantly between groups or between each BST ( Table 2 ). The average values of the N:L ratio was influenced by the lamb group and BST (higher ratio was in CG lambs at BST 2 and BST 3). N:L ratio increased in successive stages of pre-slaughter handling in CG (CG-BST 1 < CG-BST 2 < CG-BST 3), but in EG a statistically significant difference was noted only between BST 1 or BST 2 and BST 3 (P ≤ 0.05 for both EG-BST 1 vs EG-BST 3 and EG-BST 2 vs EG-BST 3); EG-BST 1 and EG-BST 2 did not differ.
Significant differences in cortisol levels were not observed between animal groups, whereas BST induced significant variations in this parameter regardless of the group (Table 2 ). The plasma cortisol level was systematically increased in successive stages of pre-slaughter handling and was the highest after transport to the slaughterhouse (BST 3 > BST 2 > BST 1 for both groups).
Serum glucose levels varied significantly between groups and BST (Table 2) . Glucose concentration at BST 1 and BST 2 was significantly higher in than EG. In each group, glucose concentration did not differ significantly between BST 1 and BST 2, but a significant increase in this parameter was noted at BST 3 in comparison with BST 1 and BST 2 (P ≤ 0.01 for CG-BST 3 vs CG-BST 1, CG-BST 3 vs CG-BST 2, EG-BST 3 vs EG-BST 1 and EG-BST 3 vs EG-BST 2).
Meat quality
In comparison with the meat of CG lambs, the meat of EG lambs was characterized with significantly (P ≤ 0.05) lower values of pH u , expressed juice area, shear force and contribution of redness a* (Table 3) . No significant differences in colour lightness L* and contribution of yellowness b* were observed between groups.
Discussion
Body weight loss. In other studies, lambs (Milewski, 2009; Ząbek et al., 2013) and calves (Dobicki et al., 2005) fed diets supplemented with β-glucan were also characterized by significantly higher body weights at weaning. The cited authors attributed the noted improvements in performance parameters to the prebiotic properties and immunostimulating effects of dried yeast extract which could have improved the health status of the animals.
Body weight losses have been investigated in small ruminants that differed in age, breed, duration of transport and pre-slaughter fasting (Hall et al., 1997; Kadim et al., 2006; De la Fuente et al., 2010) , Dobicki et al. (2005) . Milewski (2009) also noted a significant increase (P ≤ 0.01) in the percentage of lymphocytes and a tendency towards a lower percentage of neutrophils in the blood of lambs fed diet with dried yeast addition. More recent studies revealed that both dried brewer's yeast and β-1,3/1,6-D-glucan (Ząbek et al., 2013) stimulated immune responses in lambs. These authors concluded that dietary supplementation with yeast extracts improves the immune status of animals. In our study, no significant differences in the average values of RBC, HGB and HCT were observed between group of lambs or between each BST. A decrease in the N : L ratio was observed in lambs fed diets supplemented with β-1,3/1,6-D-glucan.
The values of RBC, WBC, HGB and HCT did not differ significantly between blood sampling times, which is consistent with the results of other studies. Ekiz et al. (2012a) did not observe significant differences in the haematological parameters of lambs after 75 min of transport in comparison with a base level. Bórnez et al. (2009) also reported an absence of significant variations in RBC, HCT and HGB values in 30-day-old and 70-day-old lambs after 30 min of transport. Ali et al. (2006) did not observe significant differences in HCT or HGB in lambs after 2 h of transport. Tadich et al. (2009) did not report significant differences in the HCT values of 70-day-old lambs between blood sampling times: before transport, after 48 h of transport, after 10 h of rest, and during slaughter.
In the present study, the increased N : L ratio was determined in both groups of animals after weaning (BST 2) and after transport to the slaughterhouse (BST 3) in comparison with the value noted before weaning (BST 1). There was found 1.7-fold increase of N : L ratio in CG and only 1.5-fold in EG throughout pre-slaughter handling, relative to BST 1.
Stressors increase the percentage of neutrophils and decrease the percentage of lymphocytes in the leukogram, which leads to changes in the N : L ratio (Schaefer et al., 1997) . For this reason, the N : L ratio is regarded as an important indicator of stress response in animals (Miranda-de la Lama et al., 2010; Ekiz et al., 2012a,b) . The influence of various stressors on the value of the N : L ratio was studied by many authors. Miranda-de la Lama et al. (2010) observed the increased N : L ratio in lambs in response to prolonged confinement before slaughter as well as high ambient temperatures. Ekiz et al. (2012b) did not report significant correlations between the N : L ratio in lambs and age at weaning. In another study, these authors (Ekiz et al., 2012a ) noted a significant increase in the N : L ratio in 135-day-old rams after 75 min of transport to the slaughterhouse. In our study, pre-slaughter handling was also stressful, but the values of the N : L ratio and its increase in successive stages of pre-slaughter handling were lower in EG than in CG lambs. Our findings could indicate that lambs whose diets were supplemented with β-glucan are less susceptible to stress. No significant differences in cortisol levels were observed between groups of lambs, whereas BST highly significantly differentiated the examined parameter regardless of group. The observed response of the HPA axis confirms that pre-slaughter handling is stressful. Cortisol is a reliable indicator of stress in animals (Ali et al., 2006; Kadim et al., 2009) . In the present experiment, during successive stages of pre-slaughter handling, cortisol concentrations were increased in both groups and were the highest after transport to the slaughterhouse. During the entire period of pre-slaughter handling, the 8-fold increase of serum cortisol levels in CG and only 6.7-fold in EG, relative to BST 1 values were found. These results suggest that β-1,3/1,6-D-glucan minimizes stress, and validate the observations made based on the values of the N : L ratio.
In lambs the stress associated with pre-slaughter handling (including weaning, pre-slaughter starvation and pre-slaughter rest in the lairage), conditions and duration of transport, as well as season has been studied extensively (Sowińska et al., 2001; Fisher et al., 2005; Ali et al., 2006; Kadim et al., 2006 Kadim et al., , 2009 Bórnez et al., 2009; Tadich et al., 2009; Miranda-de la Lama et al., 2010; Ekiz et al., 2012a,b) . Increased blood cortisol levels in lambs after 75 min (Ekiz et al., 2012a) , 2 h (Ali et al., 2006) and 48 h of transport (Tadich et al., 2009 ) indicate that transport is the most significant stressor during pre-slaughter handling.
Serum glucose levels differed highly significantly between groups and BST. At BST 1 and BST 2, significantly higher glucose concentrations were noted in EG lambs than in CG animals. A highly significant increase in serum glucose levels was noted in both CG and EG lambs at BST 3 relative to BST 1 and BST 2, which indicates that both weaning and transport are highly stressful for lambs. It should be noted, however, that throughout pre-slaughter handling, 1.5-fold increase of glucose concentrations in CG lambs, and only 1.2-fold in EG animals relative to the base value were determined. These findings, combined with serum cortisol levels and N : L ratio values, could suggest that lambs fed diets supplemented with β-1,3/1,6-D-glucan are less susceptible to stress.
Changes in blood glucose levels of lambs in response to pre-slaughter stress were also observed by other authors (Ali et al., 2006; Bórnez et al., 2009; Tadich et al., 2009; Ekiz et al., 2012a) . Ali et al. (2006) reported a significant increase (P ≤ 0.05) in glucose concentrations after a 2-hour transport. According to the cited authors, stress-induced hyperglycaemia could result from hypercortisolaemia or intensified glucose production in the liver, which points to stimulation of the sympathetic-adrenomedullary system. In the study by Ekiz et al. (2012a) , glucose levels in lambs also increased significantly after 75 min of transport. In lambs that rested for 30 min after transport, glucose levels continued to increase until slaughter, whereas in individuals that rested for 18 h, glucose levels were similar to those noted immediately after transport. Tadich et al. (2009) observed similar glucose concentrations in lambs remaining in the farm and after 48 h of transport, which could suggest that animal handling before transport, including weaning and catching, could be more stressful than transport itself.
The results of this study and the findings of other authors indicate that even under optimal conditions, animals are exposed to numerous physical, physiological and psychological stressors that decrease their welfare and deplete their bodily reserves. Their welfare is influenced by the duration of transport, age at weaning, pre-slaughter rest and its duration.
Only Ali et al. (2006) studied the reduction of transport-induced stress in lambs. They found significantly higher HCT values and lymphocyte counts and significantly lower cortisol and glucose concentrations in lambs that had been administered xylazine before 2-hour transport in comparison with the control group. According to the cited authors, xylazine is an effective stress-reducing agent. Our findings suggest that dietary supplementation with β-1,3/1,6-D-glucan could also alleviate stress in lambs during pre-slaughter handling.
Meat quality. The influence of pre-slaughter stress has been studied extensively for reasons of production profitability and animal welfare. Preslaughter stressors disrupt metabolic processes, which could have an adverse influence on meat quality (Apple et al., 1995; Kadim et al., 2009; Ekiz et al., 2012a) .
In our study, the meat of EG lambs was characterized by significantly lower values of pH u , WHC, SF and contribution of redness a*, compared with the meat of CG lambs. Ultimate pH is a key determinant of meat quality which affects the water-holding capacity, colour and tenderness of meat. The value of pH u is determined by a combination of factors during pre-slaughter handling which influence muscle glycogen levels and glycolysis rate (Gregory, 1998) . Pre-slaughter stress depletes glycogen reserves in muscles, which contributes to their insufficient acidification after slaughter, followed by an increase in the pH of meat (Apple et al., 1995; Kannan et al., 2003) . The results of many studies demonstrated that stress factors significantly influence pH u values. Kadim et al. (2006) observed that a 2-hour transport significantly influenced ultimate pH values in goats. In another study, Kadim et al. (2009) found higher pH u values in lambs slaughtered after 3 h of transport in comparison with animals that were not transported. Apple et al. (2005) demonstrated that immobilization stress in sheep significantly increased the pH u values of meat. In lambs transported for 4 h on an uneven road, the ultimate acidity of meat increased significantly in comparison with lambs transported on a smooth road (Ruiz-de la Torre et al., 2001) . In this study, the average value of pH u was higher in CG lambs. Ultimate pH ranged from 5.5 to 5.8 in both groups, which points to the high quality of meat in both control and experimental lambs. Lower values of pH u in EG could suggest that dietary supplementation with β-1,3/1,6-D-glucan minimizes stress responses in lambs.
The meat of CG lambs (with higher pH u ) was characterized by a significantly larger area of expressed juice (cm 2 ) and higher shear force. Similar results were reported by Bond et al. (2004) who found significantly higher areas of expressed juice and ultimate pH in the meat of stressed lambs. Kadim et al. (2009) demonstrated that the meat of 12-month-old lambs was characterized by a significantly smaller area of expressed juice after 3 h of transport in comparison with animals that were not transported. In contrast, stress did not influence the water-holding capacity of goat meat in the study of Kannan et al. (2003) .
In our study, the meat of CG lambs was characterized by higher shear force and greater hardness than the meat of animals fed the yeast extract. Zhang et al. (2005) demonstrated that dietary supplementation with Saccharomyces cerevisiae yeast increased the tenderness of turkey meat. Many authors found that pre-slaughter stress can exert a negative influence on meat tenderness. In a study by Kadim et al. (2009) , the meat of sheep transported for 3 h was characterized by significantly higher shear force than the meat of animals from control group. Similar results were reported in goats after 2 h of transport (Kadim et al., 2006) and in lambs which were slaughtered after 75 min of transport and a short rest period (Ekiz et al., 2012a) . In contrast, Apple et al. (1995) reported lower shear force values in the meat of lambs subjected to pre-slaughter stress in comparison with the control group, whereas Kannan et al. (2003) did not report any differences in the hardness of meat from transported and non-transported goats.
In the present study, colour lightness L* and contribution of yellowness b* were similar in both groups of animals. Significantly higher contribution of redness a* was noted in CG, which could be attributed to the higher pH u values of meat in this group.
Pre-slaughter stress can adversely influence the colour of meat and, consequently, decrease consumer acceptance of the product (Gregory, 1998; Ekiz et al., 2012a) . Many authors demonstrated that stressors contribute to a darker colour of lamb meat (Apple et al., 1995; Bond et al., 2004) . According to Ruiz-de la Torre et al. (2001) , the contribution of redness increased in the meat of 10-to 12-week-old lambs transported on an uneven road. Higher values of parameter a* were also reported by Sañudo et al. (1998) in the meat of weaned lambs in comparison with lambs that were not separated from their mothers. Kadim et al. (2006) observed that the meat of goats was darker and characterized by higher contribution of redness and lower contribution of yellowness (lower values of L* and b*, higher values of a*) after 2 h of transport in comparison with the meat of non-transported animals. Similar results were reported by Kannan et al. (2003) in a study on goats. In a study by Kadim et al. (2009) , transport had no significant influence on the colour parameters of lamb meat. Ekiz et al. (2012a) did not observe significant differences in the colour parameters of lamb meat regardless of pre-slaughter handling (transport, no transport, duration of pre-slaughter rest).
Conclusions
Our findings indicate that the supplementation of animal diets with Saccharomyces cerevisiae yeast could alleviate stress responses before slaughter. The yeast addition into diet also significantly improved the water-holding capacity and tenderness of meat. Supplementation of yeast rich in β-1,3/1,6-D-glucan into diet enhances immunity and reduces the negative impact of pre-slaughter stress on the final quality of lambs product.
